ABSTRACT
Introduction
The 2010 edition of Dietary Reference Intakes for Japanese established by the Ministry of Health, Labour and Welfare [1] (DRIs-2010) was released in May 2009 (Table 1). In the 2010 version [1] , the DRIs for 6 -11 -month-old infants have been increased for vitamins A and D, decreased for manganese and iron, and unchanged for pantothenic acid, compared to the respective values in the 2005 version [2] . The previous DRIs for several other nutrients have also been revised upward or downward. In the National Health and Nutrition Survey in Japan [3] , DRIs for 6 -11-month-old infants are determined by conventional calculation methods and methods used overseas, because there have been no report concerning such infants, and their actual dietary intakes have not been clarified. Whether DRIs of all nutrients can be fulfilled by everyday menus is uncertain. In our previous report [4] , we stated, "the contents of pantothenic acid, vitamin D, manganese, and iron were lower than DRIs and the vitamin A content exceeded the Tolerable Upper Intake Level (UL)," for 6 -11-month-old breast-fed infants as recommended in the 2005 version of Dietary Reference Intakes for Japanese.
In this study, we evaluated whether formulas that fulfil the DRIs-2010 [1] for all nutrients can be prepared in compliance with the Recommendations for Conducting Weaning in the Guidebook for Supporting Feeding and Weaning [5] for 6 -11-month-old breast-fed infants.
Experimental Methods

Nutrient Content of Weaning Formulas and Types of Weaning Meals
According to the DRIs, the estimated energy requirement of 6 -11-month-old infants is lower in females than in Vitamin D, and Iron Intakes for Breast-Fed Infants Aged 6 -11 Months Tables of Food Composition  in Japan. males, but the recommended nutrient intakes except that for iron are the same in males and females. In females, as each DRI must be met with a lower energy intake, menus are more difficult to prepare. In this study, we used the DRIs-2010 [1] for females aged 6 -8 and 9 -11 months as the target energy/nutrient intakes. From the weaning guidelines [5] , the recommended food-group intakes for infants aged 7 -8 and 9 -11 months were selected as the target weaning meal intakes. The guidelines categorizes infants into four age groups (5 -6-, 7 -8-, 9 -11-, and 12 -18-month-old infants), and suggests adequate ranges of food-group intakes and food combinations by age group except for the 5 -6-and 12 -18-month-old infants. The target food-group intakes in this study were defined as follows: formulas for 6 -8--month-old infants prepared according to the weaning guidelines' recommended food-group [5] intake for 7 -8--month-old infants using the lower limit of the ranges (conditions under which the DRIs are difficult to fulfil); and formulas for 9 -11-month-old infants prepared according to the weaning guidelines' recommended foodgroup [5] intake for 9 -11-month-old infants using the upper limit of the ranges (conditions under which the DRIs are more likely to be fulfilled).
The nutrient contents of weaning meals were calculated using the Standard Tables of Food Composition in Japan (fifth revised edition) [6] . Since these food composition tables show fatty acid contents of only a small number of food items and did not describe biotin, iodine, selenium, chromium, and molybdenum, these nutrients were excluded from the present assessment.
Types of Weaning Formulas
We prepared the following weaning formulas: hospital formulas, which were based on the feeding regimens that were used in a hospital to provide energy and protein at levels above the DRIs-2010 [1] ; formulas based on weaning guidelines, which were designed to provide energy and protein at levels equal to the DRIs-2010 and follow the weaning guidelines [5] ; and conformity formulas, which were designed to maximally reflect the DRI-2010 for each nutrient without following the weaning guidelines. Furthermore, since the formulas based on weaning guidelines were eventually found not to satisfy the DRIs-2010 for pantothenic acid, vitamin D, and iron for both age groups, and protein for 9 -11-month-old infants, we modified the formulas based on weaning guidelines to fulfil one of these nutrients (hereafter designated formulas with 100% DRI for pantothenic acid, vitamin D, iron, or protein).
Food-Group and Nutrient Contents
With regard to weaning meals incorporating each weaning formula, their food-group contents (per one meal) were calculated by the categories of grains (group I), vegetables and fruits (group II), and protein sources including fish, meat, tofu, eggs, and dairy products (group III), averaged over 10 days, and expressed as percentages relative to the target food-group intakes (per one meal) recommended in the weaning guidelines [5] ( Table 2) .
The target energy/nutrient intake levels based on the DRIs-2010 were further defined as follows: estimated energy requirement, (EER); iron (for which an adequate intake (AI) has not been determined), recommended dietary allowance (RDA); and other nutrients, AI. The energy and nutrient contents (mean over 10 days) were The nutrient contents of the formulas with 100% DRI for pantothenic acid, vitamin D, iron or protein were also evaluated in terms of FR, with a particular focus on nutrients providing a FR of ≤80% or ≥200%.
Evaluation by Nutritional Components
To evaluate issues that arose in formulas on the basis of the Standard Tables of Food Composition [6] , the contents of pantothenic acid, vitamin D (except in vegetables), and iron vs. energy and protein in fish, meat, and vegetables (except processed foods) were examined.
Statistical Procedure
Data were analyzed using the SPSS (version 17.0, SPSS Inc., 2008). The relationships among the contents of pantothenic acid, vitamin D (except in vegetables), iron, energy, and protein in fish, meat, and vegetables (except processed foods) were evaluated using Spearman's rank correlation coefficient.
Results
Hospital Formula
The food-group contents of the hospital formulas for infants were larger than the target values recommended in the weaning guidelines [5] , except for the group I (grains) content of the formula for 9 -11-month-old infants. The volume of breast milk was 900.0 ml/day in 6 -8-month-old infants and 850.0 mL/day in 9 -11-monthold infants (Table 3) .
In these formulas, the FRs of energy and protein exceeded 100%, and those of vitamin D and iron were below 80%, while those of vitamins A and K were more than 200 and 900%, respectively ( Table 4) . Although the fat/energy ratios of the formulas were below the target levels, their fat contents were higher than the target values.
Formula Based on the Weaning Guidelines
Since the amounts of food for 6 -8-month-old infants were the lower limits of the recommended values shown in the weaning guidelines, [5] the grain content was 160.2 ± 2.1%, but the value calculated using the higher limits was 100.1 ± 0.3%. In 9 -11-month-old infants, the grain content calculated using the higher limits of recommended values was 51.4 ± 4.7%, but that calculated using the lower limits was 82.2 ± 2.8%. The contents of food groups other than grains conformed to the guidelines. The amount of breast milk was 600.0 ml/day in 6 -8-month-old infants and 448.0 ml/day in 9 -11-monthold infants ( Table 3 ). The FRs of vitamins B 1 , B 6 , D, pantothenic acid, and iron were below 80%, whereas that of vitamin K exceeded 700% in the formulas for infants ( Table 4 ). In our previous study [4] , the formulas based on weaning guidelines did not satisfy the recommended manganese intake of the DRIs-2005 [2] ; however, in this study, the formulas achieved a FR of above 80% for manganese, because the manganese DRI in the 2010 version [1] has been reduced to less than one-half of the previous value.
Conformity Formula
The number of food items used per day was 6.5 ± 0.5 in 6 -8-month-old infants and 7.9 ± 1.1 in 9 -11-month-old infants. These food items included brown rice, Egyptian spinach (Corchorus olitorius), cauliflower, eel liver, eel (cultured), chicken liver, and chicken tenderloin; namely, foods that could concomitantly provide high amounts of pantothenic acid, vitamin D, and iron. The amount of breast milk was 600.0 ml/day in 6 -8-month-old infants and 450.0 ml/day in 9 -11-month-old infants ( Table 3) . In addition, the daily use of sesame, green laver, and Jew's ear fungus was necessary. To achieve the target intake levels required amounts that could not be consumed by 6 -8-month-old infants.
Although the formulas for both 6 -8 and 9 -11-monthold infants met the DRI-2010 [1] for every nutrient, they showed a FR of about 200% for several nutrients, including most prominently vitamin K, while the FRs of pantothenic acid, vitamin D, and iron barely exceeded 100% ( Table 4) . The amounts of food items contained in the formula based on the weaning guidelines were calculated using the lower (lowest) of the values recommended for 7 -8-month-old infants and using the higher (highest) of the values recommended for 9 -11-month-old infants. Among a total of six formulas that each satisfied the pantothenic acid, vitamin D and iron DRIs for infants, a FR of below 80% was observed in three formulas for pantothenic acid, in four formulas for vitamin D, and in four formulas for iron. The three types of formulas with 100% DRI for pantothenic acid, vitamin D, or iron for 9 -11-month-old infants did not fulfil the protein DRI, while all the seven types of formulas contained a markedly large amount of vitamin K with a FR of above 800% (Table 5) .
Evaluation by Nutritional Components
The energy content showed positive correlations (p < 0.01) with the contents of pathtothenic acid in fish and vegetables (r = 0.413 and 0.498, respectively), vitamin D in fish (r = 0.658), and iron in vegetables (r = 0.227) and negative correlations (p < 0.01) with the contents of pantothenic acid (r = -0.446) and iron (r = -0.376) in meat.
The protein content showed positive correlations with the contents of pantothenic acid (r = 0.398 and 0.679, respectively) and iron (r = 0.248 and 0.696, respectively) in meat and vegetables and vitamin D in fish (r = 0.440) The type of formulas were prepared by modifying the conformity formula to satisfy the 100% DRIs for either pantothenic acid, vitamin D, or iron (which were later found not to be fulfilled in the conformity formula), and the FR for other nutrients in the formulas were estimated as a percentage relative to the respective DRI. *Formula designed to maximally follow the DRI for every nutrient. Vitamin D, and Iron Intakes for Breast-Fed Infants Aged 6 -11 Months (all p < 0.01) and a negative correlation (p < 0.01) with iron in fish (r ＝ -0.190).
Discussion
In this study, we evaluated whether formulas fulfilling the DRIs-2010 [1] for all nutrients and in conformity with the Guidebook for Supporting Feeding and Weaning [5] can be prepared for 6 -11-month-old breast-fed infants. As a result, we found it impossible to prepare formulas that simultaneously fulfilled the DRIs and Guidebook for 6 -8 or 9 -11-month-old infants. The mean amounts of breast milk estimated to be incorporated into the hospital formulas for infants were more than the reference values used as a basis for the 2010-DRIs [1] (600 and 450 mL for infants, respectively; Yoneyama et al. [7, 8] ), while those estimated for the formulas based on weaning guidelines and conformity formulas for both age groups were equal to the reference values, which were less than the values estimated by Nakano et al. [9] (approximately 680 and 520 mL for infants aged 7 and 9 months, respectively) and Heinig et al. [10] (646 mL for 9-month-old infants).
The AIs for vitamin A (for both age groups) and protein (for 9 -11-month-old infants) have been increased compared to the DRIs-2005 [2] , the vitamin A and protein contents in the formulas exceeded the target values. The hospital formulas did not fulfil the target level of vitamin D or iron, although they contained energy and protein in amounts more than the respective target levels. The DRI for vitamin D has been increased in the DRIs-2010 compared to the previous value, resulting in difficulty in satisfying the current DRI. In the DRIs-2010, the iron DRI has been reduced, but the value was not fulfilled in the hospital formulas. The hospital formula for infants aged 6 -8 months did not achieve the target levels of vitamins B 1 and B 6 , while the formula satisfied that of pantothenic acid, because the formula incorporated a considerable amount of breast milk, a rich source of pantothenic acid ( Table 4) .
In the formulas based on weaning guidelines for infants, FRs of below 50% were observed for vitamin D and iron, and FRs of below 80% were noted for vitamins B 1 , B 6 , and pantothenic acid. Unlike the hospital formulas, the formulas based on weaning guidelines did not satisfy the target levels of pantothenic acid, with a FR of less than 65% in the formula for 9 -11-month-old infants. To achieve the target intake level of protein (15 g), the formulas based on weaning guidelines for 6 -8-month--old infants needed to incorporate low-protein foods from the groups II and III, resulting in low FRs for numerous nutrients ( Table 4) . On the other hand, with a higher target intake level of protein (25 g), the formulas based on weaning guidelines for infants aged 9 -11 months required high-protein foods, thereby providing an increased variety of nutrients in amounts sufficient to fulfil the target levels. However, it was found to be difficult to achieve the target level of protein (25 g ), even by increasing the amount of group III foods (protein sources) to a level exceeding the recommended group III intake described in the weaning guidelines [5] . The fulfilment of a protein content of 25 g would exceed the target level of energy.
The conformity formulas fulfilled the target level of every nutrient; however, the formulas were less likely to be applicable in practical settings because the formulas required the exclusive and regular selection of specific food items that can concomitantly provide high amounts of pantothenic acid, vitamin D, and iron, and thus, consisted of a limited number of food items. The FRs of vitamin D and iron were below 100% in the four types of formulas including the hospital formulas and formulas based on weaning guidelines for infants. The FRs of vitamins B 1 , B 6 , and pantothenic acid were less than 80% in the formulas based on weaning guidelines for both age groups. The FR of vitamin K was above 700% in all the six types of formulas including the hospital formulas, formulas based on weaning guidelines, and conformity formulas for infants.
To further evaluate the relationship between the weaning guidelines and DRIs, we attempted to prepare formulas that would fulfil the DRIs of pantothenic acid, vitamin D, iron, and protein for 9 -11-month-old infants, which could not be fulfilled in the formulas based on the weaning guidelines. Formulas that fulfilled all DRIs could be prepared, but they were hardly ingestible.
Concerning nutritional components, also, contradictory selection of food items was necessary to fulfil the DRIs of pantothenic acid (5 mg), vitamin D (5 μg), and iron (4.5 mg) for 6 -8 and 9 -11-month-old infants and the DRI of protein for 9 -11-month-old infants (25 g). It was practically impossible to prepare a weaning formula that could simultaneously satisfy the DRIs-2010 for infants [1] according to the weaning guidelines [5] , which was mainly due to markedly low FRs of pantothenic acid, vitamin D, and iron (for infants), and protein (for those aged 9 -11 month), as well as moderately low FRs of vitamins B 1 and B 6 , and a high FR of vitamin K. To fulfil the DRIs of all these nutrients, the energy intake inevitably exceeds the tolerable range.
Therefore, we evaluated the pantothenic acid, vitamin D, iron, energy, and protein contents of fish, meat, and vegetables excluding processed foods, using Spearman's rank correlation coefficient. If fish and vegetables with high pantothenic acid and vitamin D contents were selec-ted, the protein and energy contents became excessive for 6 -8 and 9 -11-month-old infants, respectively. If meat with high pantothenic acid and iron contents were selected to increase their intake, energy becomes deficient, and protein becomes excessive, for 6 -8-month-old infants. In 9 -11-month-old infants, if fish was selected to increase the iron content, the protein became deficient.
In the DRIs-2010 [1] , the pantothenic acid AI was calculated based on the concentration of pantothenic acid in the mature breast milk of Japanese women [11] and the breast milk intake of infants aged 0 -5 months (0.78 L/day) [12] [13] [14] .
The 2008 and earlier National Health and Nutrition Surveys [3] did not evaluate the nutrient intakes among infants. Furthermore, only a limited number of surveys have been conducted regarding the dietary intakes in these age groups [15] [16] [17] , suggesting that the pantothenic acid DRI in the 2010 version [1] may poorly reflect the actual dietary intake of pantothenic acid. The protein AI for infants aged 9 -11 months in the DRIs-2010 [1] was calculated by means of the following calculation scheme: protein AI was estimated based on dietary surveys on protein intake from weaning foods [9, 18] . The protein AI in the DRIs-2010 [1] thus estimated is therefore more practical than that in the DRIs-2005 [2] ; however, the value could not be fulfilled in a manner consistent with the weaning guidelines' [5] recommended food-group intake.
Although the EER for infants aged 9 -11 months has been set lower than that for children aged 1 -2 and 3 -5 years, the protein AI for infants aged 9 -11 months (25 g) has been estimated as higher than the protein EARs for children aged 1 -2 and 3 -5 years (15 and 20 g, respectively), and equal to the EAR for children aged 6 -7 years.
As we reported previously [4] , the contents of each nutrient in various food items do not differ between Japan and Canada. However, the Japanese DRIs for pantothenic acid (for infants) and protein (for those aged 9 -11 months) are higher than those in other countries (Table 6(1)). [1, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The Japanese DRI for vitamin D is equal to or lower, the iron DRI is lower, the vitamin K DRI is slightly lower, and the vitamins B 1 and B 6 DRIs are similar to the respective DRIs in other countries.
As clearly shown by Table 6 (2), the recommended intakes of pantothenic acid and protein in the foreign guidelines can be fulfilled by the formulas based on weaning guidelines prepared in this study. In Canada, vitamins B 1 -and B 6 -fortified or enriched wheat flour [29] and cereals [30] are rich sources of the vitamins. Similarly, in Canada, vitamin D-supplemented milk and infant vitamin supplements [31] are available, and ironfortified infant formulas has been recommended by the Dietitians of Canada [32] . These findings indicate that, in Japan, nutrition education for infant feeding practices should focus more on low fulfilment rates of vitamin B 1 , B 6 , D and iron and encourage the selection of health foods, such as government-approved foods for specified health use, containing these nutrients.
Conclusions
These results demonstrate that it is practically impossible to prepare a weaning formula that can compatibly satisfy the DRIs-2010 for 6 -8 and 9 -11-month-old infants [1] and the weaning guidelines [5] . When determining the DRIs [1] and weaning guidelines [5] , consideration should be given not only to medical and nutritional factors, but also to practical aspects of meal planning such as dietary patterns and food combinations.
